T om Fenchel and Bland Finlay are publishing in this journal a manuscript concerning the number and distribution of microbial species ("The Ubiquity of Small Species: Patterns of Local and Global Diversity," pp. 777-784). They assert with respect to both prokaryotic and eukaryotic microorganisms that everything is everywhere. My counterproposal is the equally simplistic idea that appearances can be deceiving. I contend that a major outcome of the recent studies in molecular phylogeny-from the spiders of Hawaii to the corals of the Caribbean-is that similarity of form is no guarantee of genetic and ecological equivalence. This lesson applies with particular force to morphological studies of microscopic organisms, especially since genetic and molecular studies of the few protists happily established in the laboratory demonstrate them to be composed of multiple genetically distinct species.
Questions concerning the numbers of microbial species, their population sizes, and their biogeographical distributions are the focus of many research projects that employ sophisticated new molecular technologies and that probe remote corners of the biosphere. The answers to the questions are not trivial but rather impinge on fundamental issues concerning the biodiversity crisis, the ecological structure of the natural world, and the mechanisms of evolution.
The consensus referred to as the modern "evolutionary synthesis" was arguably the grandest biological achievement of the first half of the 20th century. It integrated the gifts of Darwin and Mendel and provided the foundation for theoretical evolutionary biology. Unfortunately, the synthesis was formulated and consolidated while our understanding of microbial genetic systems was yet rudimentary. Attempts to bring the developing knowledge of microbial genetics to bear on evolutionary problems (Sonneborn 1957) were rebuffed by Ernst Mayr, widely considered the guardian of the synthesis (Schloegel 1999) . At least in part because of a failure to incorporate the increasingly important microbial systems that have dominated life on Earth through most of its history, the synthesis has fallen into neglect and disrespect (Woese 1998).
Central to the synthesis was the recognition of the closed gene pool (the biological species), considered as the primary focus of evolutionary forces and as the unit of ecological adaptation. Sonneborn's contribution was to demonstrate, beginning with the ciliated protozoa, that protist morphospecies are often composed of multiple microscopically indistinguishable sibling species with effective barriers to genetic exchange and significant differences in the details of their genetic economies. The biogeographical mapping of sibling species and their ecological adaptation have never attracted major research efforts, but some significant observations have been obtained (Dini and Nyberg 1993) . Most morphospecies of protists consist of multiple microscopically indistinguishable sibling species. Some of the sibling species are cosmopolitan and others are highly localized. They often have distinctive genetic economies. The molecular distances among the sibling species are highly variable and indicate continuous speciation over long periods of time (see Nanney [1999] ). The fact that several sibling species are often found in the same collected samples indicates that the species do not share the same ecological niches, even when they are isolated from the same water samples. To dismiss the abundant evidence for genetic species and even some higher taxonomic categories among morphologically indistinguishable forms denies the complexity of the microbial world and vastly underestimates the task of describing it.
The extension of the synthesis to prokaryotic microbes (bacteria and archaea) is difficult because of the inapplicability of the completely closed gene pool as a definition of the prokaryotic species. Many-probably mostmicrobes (both prokaryotic and eukaryotic) cannot be cultivated in the laboratory, and hence cannot be subjected to the breeding tests essential for the demonstration of genetic compatibility. Indeed, many-probably mostmicrobes have never even been seen, and the existence of entire clades is established only by characteristic signatures of ribosomal sequences obtained by PCR (polymerase chain reaction). The operative definitions for microbial "species" are not based on either genetic compatibility or ecological equivalence but on some arbitrary percentage, for example, 70 percent, of sequence variability in some conservative molecule. Such genetic divergence is comparable to that found between major vertebrate taxa.
On a more fundamental level, prokaryotic microbes cannot fully participate in the original synthesis, even when they can be cultivated in the laboratory and tested for compatibility. The closed gene pool of eukaryotes is an adaptation for the specialization of genomes into more completely integrated gene complexes. That adaptation was perhaps central to refined ecological specialization, but also to the exploitation of multicellularity and the achievement of development. The closed gene pool was achieved by the elaboration of a sophisticated system of nucleic acid immunity that denied the utilization of genetic variants from inappropriate sources. The
No Trivial Pursuit DAVID L. NANNEY prokaryotic genetic economies, in contrast (Ochman et al. 2000) , often utilize relatively free but selective horizontal incorporation of "foreign" genetic material as a supplement to mutation and "intraspecific" recombination.
The premise of the Fenchel and Finlay analysis is that microscopically indistinguishable protists are ecologically equivalent and that they can be counted as components of the same "species." An alternative premise is that the sibling species of protists exploit a much more fine-grained ecological landscape than is imagined by those lumping morphologically similar organisms. We are all blind men trying to describe a monstrous elephant of ecological and evolutionary diversity. The new molecular technologies for finding and describing rare and invisible organisms in unknown and poorly distinguished niches will eventually set us all straight. A truly modern description of Earth's biodiversity will be provided only when the grandest biological achievement of the second half of the 20th century-the double helix and its associated technologies-is fully embraced and exploited. The biological world will then be seen as a much more genetically dynamic and complicated world than thus far imagined.
